Scheme S1. Synthetic routes of HTMs……………………………………………………………………………………………………………….5 General: Unless stated otherwise, all of chemicals and solvents for the syntheses, the sample preparation, and the process of the device fabrication were purchased from sigmaaldrich and TCI Co., Ltd. and used without further purification. The anhydrous tetrahydrofuran(THF) was prepared by distillation with blue or purple sodium benzophenone ketyl before the reaction. 4, 5, 3, aniline (2) was prepared by following the synthetic procedures reported in the literatures. 1 All of synthesized products were characterized by measuring the 1 H-NMR and 13 C-NMR using Bruker Ascend 400 spectrometer in CDCl 3 and CD 2 Cl 2 at 298K.
The chemical shifts of NMR data were reported on the basis of tetramethylsilane (TMS, 1 H-NMR), CDCl 3 or CD 2 Cl 2 ( 13 C-NMR) and expressed as parts per million (ppm). 2 with anhydrous magnesium sulfate and the solvent was removed using a rotary evaporator.
The crude products were purified by silica gel column chromatography using ethyl acetate:hexane=1:9 to obtain the title compound. (247.9 mg, 59.1%) 1 88, 140.80, 140.68, 138.54, 138.34, 133.88, 133.29, 131.08, 131.04, 127.18, 125.82, 125.11, 35.25, 33.46, 32.94, 32 .39. Deoxygenated toluene (6 mL), a sodium hydroxide solution (2 M in deionized water, 2 mL), and aliquat 336 (a few drops) were added into the reaction flask. The reaction flask was stirred at 110 o C for 36 h under argon protection. After the reaction, the resulting crude product was diluted with ethyl acetate (100 mL) and washed with water and brine, repeatedly. The solution was dried with anhydrous magnesium sulfate and filtered to remove the drying agent. The solvents were removed using a rotary evaporator under reduced pressure. The pure product (Tri-TPA) was obtained by column chromatography 
Reorganization energy calculation
The reorganization energy( ) was calculated by the following equation:
Here, is the energy of the cation with the optimized structure of the neutral molecule In the equation, ε 0 is the vacuum permittivity, ε r is the dielectric constant of HTMs, μ h is the hole mobility, V is the voltage drop across the device, and L is the thickness of the HTM layer; the thickness of the HTM layers were averaged of over 5 times measurements using an alpha-step. The thicknesses were 200 nm for Di-TPA and Tri-TPA, and 137 nm for Tetra-TPA.
The internal voltage in the device (V) was defined as V = V appl -V r -V bi , where V appl is the applied voltage to the device, V r is the voltage drop due to constant resistance and series resistance across the electrodes, V bi is the built-in voltage due to the difference in work functions of the two electrodes. 3, 4 The dielectric constant (ε r ) of organic molecules are typically assumed to be 3 and the value was used in this analysis. The current density vs.
voltage (J-V) characteristics were obtained at a dark condition using a Keithley model 2400 source measuring unit. For comparsion, hole-only devices of the HTMs without the addtive were also fabricated using the same condition. The thicknesses were 90 nm for Di-TPA and 200 nm for Tri-TPA and Tetra-TPA. The calculated mobilities are 2.1 × 10 -5 cm 2 /Vs, 5.0 × 10 -5 cm 2 /Vs, and 6.9 × 10 -5 cm 2 /Vs for Di-TPA, Tri-TPA, and Tetra-TPA, respectively.
Conductive atomic force microscopy (c-AFM) measurements
The samples for c-AFM were prepared on a pre-cleaned ITO by spin-casting. The thickness of the HTMs films were carefully controlled to obtain same by adjusting the concentration of 
